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Fossil fuels account for about 80 percent of global
energy supply, and will be exhausted in a matter of
decades at current consumption rates (Goldemberg,
2007).

The instability of the global energy sector has led to
recent increases in the demand for alternatives, most
notably bioenergy.

The sustainability and environmental implications of
bioenergy production are not well understood
(Carroll and Somerville, 2009).



BIOENERGY — Assoclated Benefits

O

6 Greenhouse gas mitigation through carbon sequestration

6 Reduce dependency on foreign countries, typically having
weak political stature

6 Cutting consumer cost and create jobs




BIOENERGY — Assoclated Problems

O

6 More freshwater for irrigation is required, even though
farming accounts for 80 percent of all water consumed in
the United States

6 Non-Point Source pollution will likely increase due to more
agricultural inputs




Research Objectives

O

o Determine impacts of bioenergy on water quality:
: Sediment

: Total Nitrogen
: Total Phosphorus




O

Methodology
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Soil and Water Assessment Tool (SWAT)
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Model Setup

O

6 19 Year period of study (1990-2008)
6 Model Input
: State Soil Geographic Database (STATSGO)
: Elevation from USGS Digital Elevation Model

: Stream network delineated based on NHD

. Land cover based on 2008 Cropland Data Layer

: Daily weather data from National Climatic Data Center
- 195 Precipitation Stations

- 158 Temperature Stations




1 15 Bioenergy crop rotations
1 Accurately reproduce the local agricultural practices

For example, first year of corn-soybean-canola rotation

Date Practice SWAT Practice Amount/ha
May-1 Soil Finish

May-4 Nitrogen Application Urea 194 kg
May-4 Soil Finish Field Cultivator Ge15ft

May-5 Phosphorus Application Elemental Phosphorus 59.5 kg
May-5 Plant Corn Seed Plant/Begin Growing Season

May-5 Bicep Il Maghnum ® (PRE) Atrazine 1.39 kg
May-5 Bicep Il Magnum ® (PRE) Metolachlor 1 kg

Nov-1 Combine Harvest Corn Grain Harvest and Kill

Nov-15 Fall Chisel Coulter-chisel Plow

(Love, 2011)



L anduse Scenarios

O

Four landuse scenarios were developed:

6 Scenario 1: Row Crops (e.g. grains, hays, seeds)
6 Scenario 2: Other Crops (e.g. sugarbeets, potatoes)

6 Scenario 3: Marginal Land (e.g. fallow cropland,
pasture, wasteland)

6 Scenario 4: All Tillable Land




Each scenario was subject to a series of reviews in
order to provide the most realistic rotations for the
region of study :

climate
preexisting harvesting equipment
expected productivity of each crop on the given soil types,

willingness of farmers to alter preexisting management
practices to accommodate new cropping systems.



Scenario 1: Row Crops

(Love, 2011)

All Row Crops
and Small
Grains/Hays

Bioenergy
Crops
Barley
Cassava

Corn
Potato

Canola
Rice

Rye
Sorghum
Soybean
Sugarbeet
Sugar Cane
Wheat
latropha
Miscanthus
Switchgrass
Corn Stover
Mative
Grasses

%

J

Barley

Carn
Potato

Canola

Rye
sorghum
Soybean
Sugarbeet
Wheat
Miscanthus
Switchgrass
Corn Stover
Mative
Grasses

,

J

Bioenergy Associated
Crops Rotations

Considered  Considered
Corn {Crn-Soy-Can)
Canola {Crn-Soy-Rye)
Rye (Crn-Soy)
Sorghum (Crns-Soy)
Soybean {CCan)
Miscanthus  {CCrn)
Corn Stover  (CCrns)
Switchgrass  (CRye)
Mative (Srg-Soy)
Grasses {Csrg)

(Csoy)

{Mis)

(SwG)

(NaGr)

management practices to accommodate new cropping systems.

Mote: Cells with yellow fill denote crops determined to be inapplicable to the scenario.
Due to the regions physical attributes, climate, and preexisting harvesting
equipment, these crops would be unlikelt to establish significant yields,

Mote: Cells with blue fill denote crops that would further be defined as "poor suitability"
based on excessive capital cost for equipment, low productivity on many soil types
present inthe watershed, and suitability for farmers to alter preexisting




Scenario 2: Non-Row Crops
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Grasses




Scenario 3: Marginal Land

_ Bioenergy
RS e RS e Crops

''''''''''' L o BHF'E‘!I’

Cassava \ _ Bioenergy Associated

Marginal Land )
R = Corn Corn ! Crops Rotations
(Farmland Uses Potato _ Considered  Considered
R ~and Other Land) Canola Canola Corn {Crn-Soy-Can)

Rice Rye Canola {Crn-Soy-Rye)
Rye {CCrn}

> Switchgrass  {CCan)
Miscanthus  {CRye)

Rye
Sorghum
Soybean

RO Sugarbeet Mative {Mis)
R _ : ) Sugar Cane Miscanthus Grasses (5w}
Ll Wheat Switchgrass {NaGr)

latropha
Miscanthus Mative

/

Switchgrass Grasses

RIS R - ' Corn Stover

Mative /)

arasses




Scenario 4: All Agricultural Land

(Love, 2011)

Row Crops, Small
Grains/Hays, Other
Crops and Marginal

Bioenergy
Crops

Cassava
Corn
Potato
Canola
Rice
Rye
Sorghum
Soybean
Sugarbeet
Sugar Cane
Wheat
Jatropha
Miscanthus
Switchgrass
Corn Stover
Mative
Grasses

\

J
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Corn
Potato
Canola

Rye
sorghum
Soybean
Sugarbeet
Wheat
Miscanthus
Switchgrass
Corn Stover
Mative
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’

Bioenergy Associated
Crops Rotations
Considered  Considered
Corn {Crn-soy-Rye)
Canola (Crns-Soy)
Rye (Crn-soy)
Serghum (Srg-Soy)
Soybean (CCrmn)
Miscanthus  {CCrns)
Switchgrass  {CCan)
Corn Stover  (CRye)
Mative {C5rg)
Grasses {CSoy)
{Mis)
(5wWE)
{MaGr)



Calibration/Validation

O

6 Calibration performed on daily basis

: Flow
:  Sediment
: Nitrogen
: Phosphorus
6 Calibration criteria
: Nash-Sutcliffe efficiency (NSE >0.5)
: Coefficient of determination (R2>0.5)

: Root mean-squared error (RMSE)




Calibration/Validation Hydrograph

O

NSE = 0.666
RMSE =74.9
R?2=0.733

NSE =0.766 ) ) . )
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O

Results and Discussion




Specific Goals

O

6 Goal 1. Basin-wide impact of bioenergy cropping
rotations

6 Goal 2. Basin-level priority areas for targeting
conservation efforts

6 Goal 3. Suitability of bioenergy cropping rotations on
different scenarios

6 Goal 4. Statistical significance of bioenergy cropping
rotations changes from base




Goal 1

O

6 Basin-wide impact of bioenergy cropping rotations

: Average annual sediment, total nitrogen, and total phosphorus
loads was obtained for each watershed at the outlet for the study
period
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19-year annual average basin-wide pollution load at the watershed outlet

In certain cases has the potential to

reduce phosphorus loads

Nitrogen

(Love, 2011)
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19-year annual average basin-wide pollution load at the watershed outlet

the perennial grass species (miscanthus,

native grasses, and switchgrass)
extensively mitigate sediment and

O

phosphorus, yet have the potential to

increase nitrogen slightly.

Nitrogen

(Love, 2011)
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Summary Goal 1

O

6 Perennial grass species are most suitable for large-scale
Implementation in this study areas.

6 Traditional intensive row crops should be implemented
with caution on such a broad scale.




6 Basin-level priority areas for targeting conservation
efforts

Three classes (low, medium, and high) of priority concerns were
formed by dividing the study area based on what was essentially a
guantile classification for each constituent.

Scenario 4 of the landuse conversion represents the most extreme
scenario, therefore; the impacts of landuse conversion on both

priority concerns areas and reaches were evaluated by comparing
Base Scenario and Scenario 4



Length of priority reach change from the Base Scenario (km)

7N\
Sediment Nitrogen Phosphorus
Low DMedum High | Low Mediom High | Low DMedum High
-1944 008 045 | -2437  -B10 3247 | -1638 081 658

Contmuous Canola

-2433 836 1602 | -2321 -265 2384 | -1520 294 Q16

Contmuous Com
Continnons Corm stover 2571 749 1822 | 2472 1384 40353 | -2323 1321
Continuous Rye -2281 1218 1062 | -2120 259 1861 111 443

Continuous Sorzhum -2628 2338 [ -2242 -102 2345 | -2159

Continuous Soybean -2588 423 2162 | -2418 -936 3354 | 22209 750 1429

-2383 356 2031 | -238% 732 3121 | -213= 735 1400

Corn Soy

Corn Soy Bye -23%9 1010 1389 | -2373 356 2738 | -1116 054 152
Corn stover Sov -2588 1083 | -24537 066 3422 | -2166

Sorghum Soy -2623 2306 | -2343 525 2888 | -2080

Miscanthus 1934 -1303 | -227F 341 2618 | 663

Mative Grass 1846 -1126 1916

Switcherass -1034 3 118 | -2030 264 1766 | 724




Length of priority reach change from the Base Scenario (km)

7N\
Sediment Nitrogen Phosphorus
Low DMedom Hish | Low Medium High | Low DMedum High
008 045 | -2437  -B10 3247 | -1638 081 658

Contmuous Canola

Continnons R ot | -2321 -263 2354 | -1820 294 o2e

Continnons Corm stover 1322 | 2472 -1384 4055 [ -2323 1521

Continuous Rye 1062 [ -2120 259 1361 | 111 -443

Continuous Sorghum 2338 [ -2242 -102 2345 | -2159

Continuous Soybean -2588 423 2162 | -2418 -936 3354 | 22209 750 1429

-2383 356 2031 | -238% 732 3121 | -213= 735 1400

Corn Soy

Corn Soy Bye -23%9 1010 1389 | -2373 356 2738 | -1116 054 152
Corn stover Sov 1083 | -24537 066 3422 | -2166

Sorghum Soy 2306 | -2343 525 2888 | -2080

Miscanthus -1303 | -227F 341 2618 | 663

Mative Grass -1226 1916

Switchgrass 3 118 | -2030 264 1766 | 724




Priority Streams for Base, Continuous Corn, and Switchgrass Scenarios
Base Carn Switchgrass
Sediment
Low
Nitrogen e Medium
Phosphorus B 2




Continuous Corn vs. Base (Nitrogen Concentration)

0 20 40 80 Kilometers

0 20 40 80 Kilometers
Scenario 4-Continucus Corn Total Nitrogen Concentration (mg/L)
e Low

—— Medium

Base Total Nitrogen Concentration (mg/L)
—— Low
— Medium

—— High




Identifying Basin-wide Critical Areas for Aquatic Health

(

6 Continuous Corn:
+40.83% In sediment load

+ 38.88% In total nitrogen
load

+ 30.48% In total
phosphorus load

6 Switchgrass:
+ 1.98% in sediment load
+ 34% In total nitrogen

-12.12% in total phosphorus
load

[
" |
u



Area of priority subbasins change from the Base Scenario (km?)

Sediument

[
Nitrogen Phosphorus

Ceontmuous Canola
Contiuous Comn
Continuous Com stover
Continuous Bye
Ceontmuous Sorghum
Continuous Sovbean
Corn 5oy

Corn Soy Rye

Corn stover Sov
Sorghum Soy
Mizcanthus

MNative Grass

Low  Medinm
-16329 16373

-23877

21025

-1813% 13974

-1325% 14515
-22896 14435
21179 13560
-19361 13479
-15036 12780
-19108 13571
-22257 14566

11324 -6G36

11135 3915

-369 3121

High | Low Medium High | Low DMedium High
154 | -24645 22345 2200 | -18993 20005 -1911

2832 | -24371 21041 3330 | -2248% 22062 423

2159
-1260 | -14262 16986 2724 | 4511 i}
2441

-29693 13821 13872 | -2478F 23815

-22340 21533 787 | -23627 21887

3619

4082 | -26973 23133 3820 | -22377
21616

SXTTTE: 0 223710 3404 | -I3447 0 21837

21765
-744

3537 | -28325 20169 5334 | -213303

7691

-2215 ] -19177 19149 28 13343

-4001 B089 4085

-22673 1039 | 2455 13014

22120

-24734 23007 1727 | 21842 21177

-9032

-3218

4752 -12866 135390 2724 [ U872

15379 -110638

-4511

-3161 4511




Priority Areas for Base, Continuous Corn, and Switchgrass Scenarios
Base Switchgrass
Sediment
Nitrogen
Phosphorus




Continuous Corn vs. Base (Nitrogen Load)

~

o 25 50

Base Total Nitrogen (kg/ha)
: Low

| Medium

I ign

T T T T T 711

100 Kilometers

L L L L I O |
0 25 50 100 Kilometers

Scenario 4-Continuous Corn Total Nitrogen (kg/ha)
. Low

[ medium
I Hioh
(Love, 2011)




Basin-level Priority Areas for Targeting Conservation Efforts

O

6 Continuous Corn:
+ 44.74% 1n sediment load

+ 45.67% In total nitrogen
load

+ 42.13% In total phosphorus
load

6 Switchgrass:
- 8.9% in sediment load
- 5.1% In total nitrogen load

- 8.4% in total phosphorus
load
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Summary Goal 2

O

6 In general, the perennial grasses, although mixed
benefits are present, are more suitable for
Implementation than intensive annual bioenergy crops.




Goal 3

O

6 Suitability of bioenergy cropping rotations on different
scenarios

. Provide a comparison of all rotations based on their contribution
to annual average sediment, nitrogen, and phosphorus loads for
all landuse scenarios.




Total combined pollutant load of all watersheds

Sub-scenario Sediment Total Nitrogen Total Phosphorus
% Change from % Change from % Change from
Load (tons) Base Load (kg) Base Load (kg) Base
Base 473470 - 20062390 - 1606130 -
Scenl_Continuous Canola 474950 0.31 21992080 9.62 1212830 -24.49
Scenl_Continuous Corn 569040 20.19 21163620 5.49 1370890 -14.65
Scenl_Continuous CornStover 552470 16.69 27515330 37.15 1410920 -12.15
Scenl_Continuous Rye 399790 -15.56 17053860 -15.00 853790 -46.84
Scenl_Continuous Sorghum 662380 39.90 18350560 -8.53 1421670 -11.48
Scenl_Continuous Soybean 616680 30.25 22616070 12.73 1402420 -12.68
Scenl_Corn Soy 590170 24.65 21549760 7.41 1374450 -14.42
Scenl_Corn Soy Canola 597820 26.26 23932710 19.29 1460160 -9.09
Scenl_Corn Soy Rye 458230 -3.22 20540200 2.38 1070030 -33.38
Scenl_CornStover Soy 577190 21.91 23786210 18.56 1393350 -13.25
Scenl_Sorghum Soy 654390 38.21 19910470 -0.76 1345990 -16.20
Scenl_Miscanthus 91110 -80.76 20989570 4.62 802720 -50.02
Scenl_Native Grass 119280 -74.81 15993390 -20.28 677780 -57.80
Scenl_Switchgrass 282200 -40.40 17579150 -12.38 852380 -46.93
Scen4_Continuous Canola 649600 37.20 34461140 71.77 1674150 4.24
Scen4_Continuous Corn 772300 63.11 32483590 61.91 1963300 22.24
Scen4_Continuous CornStover 755900 59.65 44351540 121.07 2038100 26.90
Scen4_Continuous Rye 538090 13.65 25395310 26.58 1010140 -37.11
Scen4_Continuous Sorghum 887700 87.49 27805260 38.59 2047510 27.48
Scen4_Continuous Soybean 824700 74.18 35339620 76.15 2016760 25.57
Scen4_Corn Soy Rye 620860 31.13 31481110 56.92 1406110 -12.45
Scen4._Corn Soy 794200 67.74 33302840 66.00 1956950 21.84
Scen4_CornStover Soy 780300 64.80 37242850 85.64 2002750 24.69
Scen4_Sorghum Soy 872500 84.28 30532740 52.19 1896260 18.06
Scen4d_Miscanthus 91850 -80.60 32404910 61.52 913240 -43.14
Scen4_Native Grass 135390 -71.40 23694470 18.10 679540 -57.69
Scen4._Switchgrass 366360 -22.62 26310980 31.15 994880 -38.06




Continues Rye

Sediment
Load %6 Change
(tomns) from Base
399,790 -15.56
629,560 32.97

538,090 13.65

Total Mitrogen

Total Phosphorus

Load %% Change

(k=) from Base
Scenario 1
17,053,860 -15.00
Scenario 2
Scenario 3
36,226,820 80.57
Scenario 4
25,395,310 26.58

Load % Change
(k=) from Base

853,790 -46.84

1,382,460 -13.91

1.010.140 -37.11



Perennial grass species reduced sediment, nitrogen, and
phosphorus loadings in Scenario 1 (Row Crops).

It Is not recommended to convert land under Scenarios 2 and
3 (Other Crops and Marginal Lands) to any bioenergy
rotation in areas with preexisting high nitrogen levels.

For Scenario 4 (All Agricultural Lands), the row crops make
the condition worst while the perennial grass improve the
water quality except for nitrogen.



6 Statistical significance of bioenergy cropping rotations
changes from base

The t-tests were performed to determine the statistical
significance levels

p-value of 0.05 or less rejects the hypothesis that there is no
significant differences in pollution generation between the
bioenergy crop rotation and the current landuse scenario (Base
Scenario).



Statistical Significance of Bioenergy Cropping
Rotations Changes from Base

p-value for given constituent
Total N (kg Total P (kg

Sediment (tons)
Scenl_Continuous Canola 0.96590
Scenl_Continuous Corn
Scenl_Continuous CornStover
Scenl_Continuous Rye 0.09421
Scenl_Continuous Sorghum
Scenl_Continuous Soybean
Scenl_Corn Soy
Scenl_Corn Soy Canola
Scenl_Corn Soy Rye 0.66593 0.32899
Scenl_CornStover Soy
Scenl_Sorghum Soy
Scenl_Miscanthus
Scenl_Native Grass
Scenl_Switchgrass
Scen2_Continuous CornStover
Scen2_CornStover Soy
Scen2_Miscanthus
Scen2_Native Grass
Scen2_Switchgrass
Scen3_Continuous Canola 0.65024
Scen3_Continuous Corn 0.05087
Scen3_Continuous Rye
Scen3_Corn SoyCanola
Scen3_Corn Soy Rye

Scen3_Native Grass 0.80892
Scen3_Miscanthus 0.12460
Scen3_Switchgrass

Scen4_Continuous Canola 0.60469
Scen4_Continuous Corn
Scen4_Continuous CornStover
Scen4_Continuous Rye 0.26324
Scen4_Continuous Sorghum
Scen4_Continuous Soybean
Scen4_Corn Soy Rye 0.08777
Scen4_Corn Soy
Scen4_CornStover Soy
Scen4_Sorghum Soy
Scen4_Miscanthus

Scen4_Native Grass
_ Scen4_SWitChgraSS P




Summary Goal 4

O

6 In general perennial grass species significantly reduce
sediment and phosphorus loads

6 Bioenergy crops likely to increase nitrogen levels at all
Implementation scales




Perennial grass species are most suitable for large-
scale implementation in this study area

Traditional intensive row crops should be
Implemented with caution on such a broad scale

Bioenergy row crops exhibit dramatic pollution load
variation caused by differences in climate and
physiographic characteristics throughout the study
area
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